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I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 

I also certify that the attached copy of the request for grant of a Patent (Form 1/77) bears an 
amendment, effected by this office, following a request by the applicant and agreed to by the 
Comptrol ler-General . 

In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects tjj^ompany to certain additional company law rules. 
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METHODS FOR PARTICLE FORMATION AND THEIR PRODUCTS 



This invention relates to methods for forming particles of a substance of interest (a 
"target substance") using supercritical fluid antisolvents. It also relates to the products of 
such methods. 

In particular, it relates to new applications and products of the particle formation 
technique known as SEDS (Solution Enhanced Dispersion by Supercritical fluids), which is 
described in WO-95/01221 and (in modified versions) in WO-96/00610 and WO-98/36825. It 
has been found that this technique may be used to produce novel products having 
advantageous physicochemical characteristics. 

More particularly still, the present invention is concerned with multi-component 
products, ie, products which contain two or more target substances. It has been found that 
SEDS can be used to coformulate such multi-component products, especially coformulations 
of pharmaceutical^ active ingredients with polymer excipients. 

It is often desirable to coformulate pharmaceuticals with "carriers" (which may be 
polymeric) in order to modify their solubility profiles and hence, for example, improve the 
dissolution of an otherwise poorly soluble drug or else slow the dissolution of a highly soluble 
drug so as to provide controlled release for a period of time after administration. 

Techniques are already known for preparing such drug/carrier coformulations, 
including evaporation and coprecipitation. Such approaches are often limited however by 
manufacturing difficulties, including environmental constraints, solvent problems such as the 
need for multiple solvent systems and the consequent risk of phase separation, harvesting 
difficulties and the high levels of carrier often required. Another major limitation tends to be 
the poor physical properties and processing characteristics of the particulate products, which 
can be "sticky", may contain unacceptable levels of residual solvent, may suffer poor chemical 
and physical stability (such as a tendency for amorphous phase drugs to crystallise on storage, 
with consequent changes in their dissolution profiles) and are often in the form of large 
particles which need to be further reduced in size before they can be processed into 
commercial products. It is often difficult to control the morphology of the drug in the system, 
ie, the relative proportions of its crystalline and amorphous phases. As a result, known 
preparation techniques tend to have been practised largely on a laboratory, rather than a 
commercial, scale. 

The products of the present invention are coformulations of an active substance, 



\ 



The amorphous phase of the active substance in the coformulation is preferably stable 
e, does not change to the crystalline form) for at least three, preferably six, more preferably^ 
ine or twelve months after its preparation under suitable low temperature storage conditions. 

Where the active substance is paracetamol and the polymeric material is ethyl cellulose, 
■referably between 95 and 100% of the paracetamol is present in an amorphous form, and the 
.aracetamol represents at least 1%, more preferably at least 2% or 5% or 10%, of the 
•oformulation. 

Where the active substance is paracetamol and the polymeric material is hydroxypropyl 
nethyl cellulose, preferably between 95 and 100% of the paracetamol is present in an 
amorphous form, and the paracetamol represents at least 10%, more preferably at least 20% 
nr 25% or 28% qt 30% or 35%, of the coformulation. 

Where the active substance is indomethacin and the polymeric material is ethyl 
cellulose, preferably between 95 and 100% of the indomethacin is present in an amorphous 
form, and the indomethacin represents at least 10%, more preferably at least 20% or 25% or 
3 0% or 3 5%, of the coformulation. 

Where the active substance is indomethacin and the polymeric material is 
hydroxypropyl methyl cellulose, preferably between 95 and 100% of the indomethacin is 
present in an amorphous form, and the indomethacin represents at least 10%, more preferably 
at least 20% or 25% or 30% or 35% or 40%, of the coformulation. 

Where the active substance is indomethacin and the polymeric material is poly (vinyl 
pyrrolidone), preferably between 95 and 100% of the indomethacin is present in an amorphous 
form, and the indomethacin represents at least 20%, more preferably at least 25% or 30% or 
40% or 50% or 60% or 65%, of the coformulation. 

Where the active substance is carbamazepine and the polymeric material is ethyl 
cellulose, preferably between 95 and 100% of the carbamazepine is present in an amorphous 
form, and the carbamazepine represents at least 10%, more preferably at least 20% or 25% or 

3 0%, of the coformulation. 

Where the active substance is carbamazepine and the polymeric material is 
hydroxypropyl methyl cellulose, preferably between 95 and 100% of the carbamazepine is 
present in an amorphous form, and the carbamazepine represents at least 10%, more 
preferably at least 20% or 25% or 30%, of the coformulation. 

Where the active substance is theophylline and the polymeric material is ethyl cellulose, 
preferably between 95 and 100% of the theophylline is present in an amorphous form, and the 



The invention also provides a method for preparing a coformulation of indomethacm 
and poly (vinyl pyrrolidone), using an anti-solvent-induced particle formation process, 
preferably a SEDS process. The invention provides the products of such a method, and the 

use of a SEDS process in it. 

The invention will now be described, by way of example only, with reference to the 
following experimental data and the accompanying figures, of which. 

Figure 1 is a schematic illustration of apparatus usable to carry out methods, and 
obtain products, according to the invention (see the experimental example below); 

Figures 2-13 are SEM (scanning electron microscope) photographs of some of the 
starting materials and products of the example; 

Figures 1^-16 show dissolution profiles for three of the systems investigated in the 
example, namely paracetamol.HPMC (Figure 14), theophylline^ (Figure 15) and 

indomethacimHPMC (Figure 16); 

Figures 17-27 show plots of crystallinity against drug weight fraction for the systems 

investigated; 

Figure 28 is an example DSC (differential scanning calorimetry) trace for one of the 
systems investigated; 

Figures 29-40 are DSC traces for, respectively, crystalline indomethacin and a number 
of indomethachr.PVP coformulations prepared in the example; 

Figures 41 and 42 are plots of (6.< - 6,") against X (see Table 1 1 below) for some of 

the systems investigated; and 

Figures 43 and 44 show, respectively, the structure of the Y -indomethacin polymorph 

and the effect of PVP upon it. 



Fv periment al example 

The following experiment investigated the use of a SEDS proeess to coformulate 
various drugs and polymers. The physieoehemieal eharaeteristies of the products, in parttcular 
the degree of interaction between the two components, the proportions of the crystalhne and 
amorphous phases of the drug, the particle size and morphology, the relative concentrates of 
the drug and the polymer (ie, the drug ••loading") and in some cases the product stabthty, were 
tested and where possible manipulate* by altering the operating conditions and other reagents 
(advents) present. The reiationship of the deg.ee of drug crysUllinity to the drug loadmg was 
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ouoDher 


Grade 


Lot Number 


i^-/\.scoroic aClU 


oigma 


A0278 


45H0296 


Carbamazepine 


Sigma. 


C4024 


28F0109 




Sigma . 


17378 


26H0807, 67H1609 




Sigma 


K1751 


126H1330 


Paracetamol 


Sigma 


A7085 99.0%+ 


96H1124 


i neopnymne 


Sigma 


T1633 Anhyd. 99%+ 107C0064 


FC 


Colorcon 


7cps 


KI10013T01 




oninetsu 


3cps (603) 


55-508 


PVP 


Sigma 


Av.Mol.Wt. 10,000 


116H0840 


Dichloromethane 


BDH 


AnalaR 99.5%+ 


K23525480 702, 








K24254680 734, 








K24481180 745 


Chloroform 


BDH 


AnalaR 99.0-99.4% 


K25138841 817 


Ethanol 


BDH 


AnalaR 99.7-100% 


724108, 747408, 








760907, 776907, 


Ethanol 






816507, 837707 


Rathburn 


HPLC 


8H10JA 


Methanol 


BDH 


AnalaR 99.8%+ 


K25094770 817 


Sodium dihydrogen 


Sigma 


99.0%+ 


105H1203 



orthophosphate 

De-ionised water was obtained from a Jencons Waterstill 4000X 



Suppliers 

Sigma Chemical Co. - St. Louis, Missouri, USA 

Shinetsu Chemical Company - Tokyo, Japan 

Colorcon, Dartford, Kent, England 

BDH (Merck) Poole, Dorset, England 

Rathburn Chemicals Ltd, Walkerburn, Peebleshire, Scotland 



Parhamazepine 



Chemical name 
Therapeutic Category 
Molecular Weight 

Appearance 

Morphology, 

Melting point 

Solubility 



5//-Dibenz[b,f]azepine-5-carboxamide 

Analgesic, anticonvulsant 

236.3 

White, crystalline 

Crystalline, exhibits polymorphism 

190-193°C 

Soluble in ethanol, acetone, dichloromethane. 
Insoluble in water and ether 




Chemical structure of carbamazepine 



Ketoprofen 



Chemical name 
Therapeutic Category 
Molecular Weight 
Appearance 
Morphology, 
Melting point 
Solubility 



3 -Benzoyl-a-methylbenzeneacetic acid 
Anti-inflammatory, analgesic 
254.3 

White, crystalline 

Monoclinic system, usually plates, sometimes needles 
94°C 

Soluble in ethanol, acetone, dichloromethane, 
dimethylformamide, ethyl acetate 
Practically insoluble in water 




Chemical structure of ketoprofen 



Theo phylline 



Chemical name 
Therapeutic Category 
Molecular Weight 
Appearance 
Morphology, 
Melting point 
Solubility 



3 5 7-Dihydro- 1 ,3 -dimethyl- 1 H-purine-2,6-dione 

Bronchodilator 

180.2 

White, crystalline 

Thin monoclinic crystals 

270-274°C (monohydrate) 

Soluble in hot water, acids, alkalis, ammonia (%). 

Slightly soluble in cold water (0.8%), ethanol (1.2%), 

chloroform (0.9%). Insoluble in ether 



H 




Chemical structure of theophylline 



I 

CH CH^- 



n 



' Chemical staicture of polyvinylpyrrolidone 



In Table 1, 6* 6 p , and 6 h are the partial solubility parameters representing dispersive, 
polar and hydrogen bonding effects respectively; 6, is the total solubility parameter, where 6,* 
= 6d 2 + 6p 2 + b 2 [5] . 5 s is the total specific (ie, polar and hydrogen bonding) solubility 

parameter. 

The principal operating conditions (temperature, pressure, fluid flow rates and nozzle 
orifice diameter) were manipulated and optimised for each drug/polymer system. Different 
drug polymer concentration ratios were also tested. 

It was found that temperatures in the range 34-50°C and pressures between 80 and 
100 bar were preferable for processing these polymers. Anti-solvent:tar g et solution flow rate 
ratios (into the particle formation vessel) were between 66: 1 and 200: 1 , ie, an anti-solvent 
flow rate of 20 ml/min was used with target solution flow rates of between 0.1 and 0.3 ml/min. 

Nozzle outlets of internal diameter between 200 and 500 micron were found to be 
more susceptible to blockages than those with 100 micron internal diameter. This was 
believed to be due to the fast removal of solid materials forming inside the 100 micron nozzle 
by the highly turbulent fluid flows within it. It was thought that a larger nozzle bore allowed 
material to accumulate and thus to obstruct the nozzle outlet. 

The target solutions generally contained both the drug and the polymer being 
coformulated. Selection of a suitable solvent in each case depended on the properties of both 
reagents, but was particularly important for the polymer systems under study because of the 
potential difficulties of processing polymeric solutions and dispersions. Polymeric dispersions 
can exhibit very high viscosities, even when dilute. In "poor" solvents the polymer strands 
remain tightly packed and interactions tend to be limited. However in "good" solvents the 
polymer matrix will relax and loosen which allows both a greater degree of interaction and a 
lower viscosity, important respectively for the production of intimate drug/polymer mixtures 
and for the processing requirements of SEDS [1]. 

Of the polymers studied, HPMC is dispersible in water and in alcohol/dichloromethane 
mixtures, whereas EC is less polar, is not dispersible in water but can be dispersed in organic 
solvents such as ethanol, to an extent determined by its ethoxyl group content [2], PVP is a 
water soluble (as opposed to water dispersible) polymer, and was used in these studies in 
combination with the poorly water soluble drug indomethacin. It is known to be an inhibitor 
of crystallinity and has been reported to combine with indomethacin at the molecular level [3]. 

A 1:1 mixture of ethanol and dichloromethane ( or 1 1 ethanol/chloroform in the case 
of the polymer PVP) was found to produce suitable dispersions of relatively low viscosity, 



Scanning Electron Microscopy (SEM) 
The moiphology and size of SEDS particles was investigated using an Hitachi S520 
SEM (Hitachi, Japan). Aluminium stubs containing a small quantity of sample 
particulate were sputter-coated with a gold layer -300A thick and viewed" and 
photographed under varying magnifications. 



Differential scanning calorimetry (DSC) 
This technique was used to measure the crystallinity of samples, given that the lower 
the order of the crystal lattice the less energy that is required for melting the sample 
DSC was used to determine thermal profiles of samples, to monitor the latent heat of 
tusion (AH f ) and to identify any phase or polymorphic transitions and desolvation 
phenomena, and determine the melting point as well as any glass transition 
temperatures. 

A Perkin-Elmer DSC7 (Perkin-Elmer, USA) was used to determine the crystallinity of 
the products. Samples (l-3mg) were placed in the sample cell and examined in 
pierced, cnmped aluminium pans, under an atmosphere of nitrogen. The analytical 
temperature range depended on the drug investigated. Theophylline sublimed just 
above the melting point, causing difficulties in measuring endotherm peak size This 
problem was overcome by adopting a sealed pan method. 



X-Ray Powder Diffraction (XRPD) 
X-ray powder diffraction was also used as a qualitative technique in support of DSC 
measurements in assessing the crystallinity of starting materials and prepared samples 
Samples were analysed on a D500 XRPD (Siemens, Germany) between 5 and 30 20 ' 



UV Spectrophotometry 

The weight fraction of drug in the products was measured by UV spectrophotometry 
assay with an Ultrospec 4000 spectrophotometer (Pharmacia Biotech, Cambridge 
England). The absorbance of each polymer was found to be negligible at the 
wavelengths used. 



Dissolution 

Dissolution testing was carried out using a stirred-vessel technique with the medium 
circulated through a flow-cell system and analysed by UV detector.. The dissolution 
apparatus consisted of a llitre round-bottomed vessel maintained at around 37°C in a 
water bath, stirred by paddle at 60rpm. The medium was circulated by means of a 
peristaltic pump through a 10mm flow-cell. UV readings were taken every 30 seconds 
using an Ultrospec 4000 spectrophotometer (Pharmacia Biotech, Cambridge 
England) and analysed for up to between 30 and 60 minutes. 

Three of the model systems were analysed:- paracetamol/HPMC, theophylline/EC and 
indomethaon/HPMC The specific conditions for the individual systems LrZ 



The analytical resuUs of .he various experimental runs (in pariicu,ar yie,d, morphology 
and drug .oading) are summarised in Tah.es 2 (ascorbie acid), 3 (carbamate), A ,* 5 
Imlaein), 6 * 7 <—), S (paramo,, and 9 (theophylline), be.ow. Theseus 
,so inW .he operaung conditions (.emperature and pressure wuhin .he parttde forma., 
le,, fluid flow ra.es, so.ution concentrations and noaz.e Up (outlet) diame,er, used for eaeh 

The producs of the experiments were in .he form of finely dispersed partieuia.es; an 
were non-eohesive, easy-flowing powders with good hand.ing properties. Their morpho.ogy 

stmc .ures consisting of agglomerated, roughly spherieal partides of me order of a«-1 
miCT on diameter: The homogeneity in the appearanee of the partides suggested they 
eompriseo mo.eeu.ar-.evd dispersions. Above the amorphous Umits deteeted, mtxtures of 
sneh web struetures with addifiona., .arger drug orysta.s were observed in many ease. 

Figures 2-13 are SEM photographs of some of the starting ma.ena.s and produets of 
the experiments. SpedfieaUy, Figures 2-7 show indomethadn and Figures 8-13 pa— 
Figures 14-.6 show disso.ution profi.es for three of the systems mvesttgated, namely 
P araeetamo.:HPMC (Figure .4), theophyffin^EC (Figure 15) and indomemaemHPMC 
(Figure .6). The .abdfing corresponds to that used in Tab.es 2-9 for .he vanous expenrnenta, 
runt X (%) is the maximum eoneen.ra.ion of the amorphous phase of the drug pnor to the 

detection of crystallinity. . -ri„ m * 

ta al. three systems whose disso.u.ion profi.es were examined, there were stgnrfican. 
differences in dtug re.ease rates between the experiment producU and purely pbysicd mutes 
of the relevant drug and po,ymer, suggesting tha, .he produots of.be present mventton bad 
been formeu as intimate mo,eeu.ar levd dispersions of a drug in a po.ymer matnx. For 
inaance, the rdeaae of theophylline waa signifieantly inhibited by eofc— g , wt* 
rhat of paraeetamo. was also slighfly inhibited by eofomtulation witb HPMC, whtlst be 

sample above the amorphous detected limit). 
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5°C, when analysed at a scanning rate of 20°C/min. This peak shifts to lower temperature 
coformulated indomethacin:PVP systems. Figures 29 and 30 show DSC profiles for, 
spectively, the crystalline raw material and the indomethacin:PVP system prepared in 
perimental run RASE 64. The peak at 139° C in Figure 30 indicates the presence of 
ystalline indomethacin in the sample (which contained 78% w/w indomethacin, with 30% 
ystallinity). 

Other indomethacin: P VP samples were assessed both initially and after 12 months' 
orage in a dessicator at 2-8 °C. The results are tabulated in Table 10 below. The 
^responding DSC scans are shown in Figures 3 1-40 respectively. In all of those figures, 
lere is no peak at 139°C, indicating an absence of crystalline indomethacin in the samples 
sted, both initially and after 12 months' storage. 

a ble 10 



Sample 
Reference 


Storage 
Time 


Indomethacin 
Content (%) 


Result 


RASE70 


Initial 


16 


No crystallinity 


RASE70 


12 month 


16 


No crystallinity 


RASE69 


Initial 


20 


No crystallinity 


RASE69 


12 month 


20 


No crystallinity 


RASE62 


Initial 


48 


No crystallinity 


RASE62 


12 month 


48 


No crystallinity 


RASE66 


Initial 


51 


No crystallinity 


RASE66 


12 month 


51 


No crystallinity 


RASE63 


Initial 


62 


No crystallinity 


RASE63 


12 month 


62 


No crystallinity 



drug polymer dispersion and intermolecular/interpolymeric chain mixing and 
interaction would occur at equivalence of total specific (i.e. polar and hydrogen 
bonding) solubility parameters, 5, , for drug and polymer. It was former hypothesised 
that the point of maximum compatibility, i.e. when 8 s d - 8/ = 0 (where 6 S and 8 S 
represent the total specific solubility parameter for the drug and polymer 
respectively), would correspond to the point when the maximum amount of drug can 
exist in an amorphous phase. A reduction in this level would occur as 5 S - 5 S attains 
either a positive or negative value. 



TableU lists calculated values of 8 s d - 5 5 p together with values of X% (range). 



Table 11 ' Calculated values of (8 d _ 8' ) and X (midpoint and range) 
drug-polymer systems 



Drug/Polymer 


(8 d _8>) 


X(%) 
midpoint 


Range 


Ascorbic acid/EC 


20.7 


12.5 


10-15 


Ascorbic acid/HPMC 


16.8 


37.5 


35-40 


Carbamazepine/EC 


-0.2 


25.0 


20-30 


Carbamazepine/HPMC 


-4.1 


32.5 


25-40 


Paracetamol/EC 


4.8 


6.0 


1-12 


Paracetamol/HPMC 


0.9 


30.0 


25-35 


Indomethacin/EC 


-1.7 


23.0 


18-28 


Indomethacin/HPMC 


-5.6 


40.0 


35-45 


Theophylline/EC 


5.9 


25.0 


20-30 


Theophylline/HPMC 


2.0 


12.5 


5-20 



It seems likely that other factors play critical roles in determining the final phase 
mposition and structure of drug: polymer coformulations prepared using SEDST Such 
-tors could for instance include solute-solvent interactions taking place during the rapid 
rticle formation process. In the present study, solvents and co-solvents were selected to 
ovide at least some solubility for all drugs and polymers examined. The different affinity for 
: various solutes and level of solute saturation in the solvent system, during the extremely 
ort (microseconds) solvent extraction period and the intensive mixing events occurring, will 
iy critical roles in these events. The data indicate that these effects are more pronounced for 
2 drug:HPMC systems than for the drug:EC systems. In the former, a stronger solvation 
»"ect and interaction with components may lead to increased amorphous drug content in the 
oduct at positive and negative values of 6 s d - 5 S P . 

It is interesting to note the different characteristics and behaviour of the two 
racetamol. polymer systems. It is known that previous attempts to form amorphous 
^racetamol, using conventional particle formation techniques, have on the whole proved 
lsuccessfiil, this being attributed to the high crystallinity and crystal energy of paracetamol, 
owever, by using SEDS to coformulate paracetamol with for instance HPMC, a particulate 
oduct containing between 25 and 35% of the amorphous drug can be prepared. 

The indomethacin:PVP system highlights yet further the potential benefits of 
ocessing using SEDS, again because of the high levels of amorphous drug achievable which 
turn can reduce the amount of polymer required in drug delivery systems. Indomethacin is 
Dorly soluble in aqueous media and PVP is widely used in industry to enhance the solubility 
f such drugs. Using SEDS, a particulate product containing over 60% amorphous 
idomethacin, with good stability, has been formed. This suggests a greatly increased level of 
iteraction between the drug and PVP, compared to that between the drug and either EC or 
IPMC 

The structure of the stable y -indomethacin polymorph is shown in Figure 43. The 
rrangement is stabilised by hydrogen bonding between carboxyl groups forming a cyclic 
imer. 

The reason for the relatively high level of incorporation of indomethacin in PVP is 
elieved to result from hydrogen bonding between the oxygen on the pyrrolidone ring of PVP 
nd the hydrogen on the carboxyl group of indomethacin [9]. This disrupts the intermolecular 
ydrogen bonding of the y-indomethacin polymorph, interfering with the long-range crystalline 
-rder and linking the indomethacin molecules instead to the polymer backbone, as shown in 
igure 44. 
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Figures Indomethacin raw material (28/97-01 lotl) 

(200 and 2000 x magnification) 
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Figures ^iSAmorphous indomethacin/HPMC (RASE21) 
(200 and 2000 x magnification) 



Figures (>l^ Partially crystalline indomethacin/HPMC (RASE40) 
(1000 and 10,000 x magnification) 
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Figures Amorphous Paracetamol/HPMC (RASF34) 

(1000 and 10,000 x magnification) 
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Figures Paracetamol raw material (06/97-01 lot3) 

(200 and 1990 x magnification) 
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ftyuns V51 * Partially crystalline paracetamol/HPMC (RASF32) 



(100 and 1000 x magnification) 
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Figure Kir Ascorbic acid:EC 




Figure W Carbamazepine:EC 
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Figure - Indomethacin:EC 
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Figure Indomethacin:HPMC 
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Figure "33 Indomethacin:PVP 
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Figure ^tf> Theophylline:EC 
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Figure 3£ Example of a Differential Scanning Caloriraetry (DSC) Trace 
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Figure US Indomethacin raw material DSC scan 
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Figure 30 RASE64 indomethacin.PVP DSC scan 
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RASE70 indomethacin:PVP initial DSC scan 
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Figure 33 RASE69 indomethacin:PVP initial DSC scan 
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Figure 3^ RASE69 indomethacin:PVP 12 month DSC scan 




Figure 35 RASE62 indomethacin:PVP initial DSC scan 
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Figure 3* RASE66 indomethacin:PVP 12 month DSC scan 
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Figure 33 RASE63 indomethacin:PVP initial DSC scan 
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Figure W RASE63 indomethacin:PVP 12 month DSC scan 
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Figure U-l Calculated values of (5*_ 5 S P ) plotted against X for drug:EC systems 
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Figure Effect of PVP on y-indomethacin hydrogen bonding 



